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To the Editor: Campylobacter 
is the second most common bacterial 
cause of foodborne gastrointestinal ill-
nesses in the United States and the lead-
ing cause of these illnesses in Connecti-
cut (1). It is also the leading identifiable 
cause of Guillain-Barré syndrome in 
the United States and all industrialized 
countries in which it has been stud-
ied (2). According to the Foodborne 
Disease Active Surveillance Network 
(FoodNet), campylobacteriosis inci-
dence in the United States is increasing 
(1). Clarification of the epidemiology 
of campylobacteriosis is needed to con-
trol and prevent infection.
Socioeconomic status (SES) 
measures have not been explored in 
the United States as determinants for 
Campylobacter infection. Although 
individual SES measures are not rou-
tinely collected in FoodNet, street ad-
dress of patient residence is. Follow-
ing the recommended method of the 
Public Health Disparities Geocoding 
Project (3), we used census tract–level 
poverty as an SES measure for analy-
sis. We attempted to geocode patient 
residences for all campylobacteriosis 
cases reported in Connecticut during 
1999–2009 and to categorize them 
into 4 groups on the basis of percent-
age of residents in the census tract 
living below the federal poverty line: 
0–<5%, 5%–<10%, 10%–<20%, and 
>20%. The average annual age-adjust-
ed (on the basis of 2000 US Census 
data for Connecticut) incidence rate 
was calculated for each of 4 census 
tract-level neighborhood SES (i.e., 
neighborhood poverty) categories for 
all years combined and for 3 periods 
(1999–2002, 2003–2005, and 2006–
2009). In addition, age group-specific 
rates were calculated for case-patients 
in the 4 SES categories. We used the 
χ2 test for trend to assess the statistical 
significance of observed gradients of 
incidence across SES levels.
We geocoded 5,708 (95.9%) of 
the 5,950 campylobacteriosis cases 
reported during 1999–2009 to census 
tract level. The average annual crude 
incidence rate was 15.9 per 100,000 
population; average age-specific inci-
dence ranged from 9.4 in the 10–19-
year age group to 18.1 in the >50-year 
age group. We found a strong dose-
response relationship between higher 
campylobacteriosis incidence and 
higher neighborhood SES. Average 
annual age-adjusted incidence was 
10.1 (95% CI 9.1–11.1) for the low-
est SES group (>20% below poverty), 
11.9 (95% CI 11.0–12.9) for the 10%–
<20% group, 14.8 (95% CI 14.0–15.7) 
for the 5%–<10% group, and 16.9 per 
100,000 (95% CI 16.3–17.4) for the 
highest SES group (0–<5% below 
poverty) (p<0.001 byχ2for trend). A 
strong SES gradient was also consis-
tent and significant (p<0.001 by χ2 for 
trend) for each of the 3 periods.
Incidence within age groups by 
neighborhood SES level is shown 
in the Figure. For all age groups >10 
years, incidence of campylobacte-
riosis increased as neighborhood SES 
increased (p<0.001 for each category 
by χ2 for trend). However, for children 
0–<10 years of age, the socioeconomic 
gradient seen in teenagers and adults re-
versed direction; incidence increased as 
neighborhood SES decreased (p<0.001 
by χ2 for trend). Because only 51% of 
case reports included information on 
race and ethnicity, we were unable to 
examine whether SES gradients oc-
curred within each major racial/ethnic 
group in Connecticut.
Previous studies using similar ar-
ea-based methods in Denmark; Mani-
toba, Canada; Queensland, Australia; 
and Scotland also found an associa-
tion between Campylobacter infec-
tion incidence and higher area-based 
SES (4–7). A true higher prevalence 
of major campylobacteriosis risk fac-
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might explain these findings, but these 
results could also indicate surveillance 
artifacts if persons at higher SES levels 
are more likely to seek health care and 
have an organism-specific diagnosis 
made. We believe the former hypoth-
esis is more likely for several reasons. 
First, major risk factors for adult cam-
pylobacteriosis at FoodNet sites are 
international travel and eating out at res-
taurants (8). We examined these factors 
in Connecticut by using the 3 FoodNet 
population surveys (9) that occurred 
during the study period (2000–2001, 
2002–2003, and 2006–2007) and found 
that these factors were associated with 
higher SES (K. Bemis, unpub. data). 
Second, we found that higher incidence 
in children <10 years of age was asso-
ciated with lower SES, a finding that 
would not be expected if children liv-
ing in poorer neighborhoods were less 
likely to receive a diagnosis of campy-
lobacteriosis. Last, we examined Con-
necticut-specific data from the same 3 
FoodNet population surveys (9) and 
found that high-income adults who had 
diarrhea were no more likely than those 
with lower incomes to visit a healthcare 
provider and have a stool specimen tak-
en (K. Bemis, unpub. data). The find-
ing that children living in poorer census 
tracts were at higher risk than those in 
higher SES areas could conceivably re-
flect a higher rate of exposure to Cam-
pylobacter spp. in the home. However, 
this hypothesis needs verification. In 
addition, studies in other parts of the 
United States are needed to corroborate 
this study’s findings.
We conclude that Campylobacter 
control efforts, at least in Connecti-
cut, should take into consideration the 
groups with highest age-specific, SES-
related incidence. Area-based SES 
measures should be more widely used 
when analyzing surveillance data.
Acknowledgments
We thank Sharon Hurd, James Meek, 
Matthew Cartter, and Olga Henao for help-
ful review and comments.
Salaries for all authors during the 
time of the study was supported by the 
Centers for Disease Control and Preven-
tion as part of the Emerging Infections 
Program, FoodNet, cooperative agreement 
U50/01CI000307 from 2009 to 2011 and 
UC/CK000195 from 2012 to present.
Kelley Bemis,  
Ruthanne Marcus,  
and James L. Hadler
Author	 affiliations:	 Yale	 School	 of	 Public	
Health	 Connecticut	 Emerging	 Infections	




  1. Centers for Disease Control and Preven-
tion. Incidence and trends of infection 
with pathogens transmitted commonly 
through food—Foodborne Diseases 
Active Surveillance Network. MMWR 
Morb Mortal Wkly Rep. 2013;62:283–7
  2. Rees JH, Soudain SE, Gregson NA, 
Hughes RAC. Campylobacter jejuni infec-
tion and Guillain–Barré syndrome. N Engl 
J Med. 1995;333:1374–9. http://dx.doi.
org/10.1056/NEJM199511233332102
  3. Krieger N, Chen JT, Waterman PD, 
Rehkopf DH, Subramanian SV. Painting 
a truer picture of US socioeconomic and 
racial/ethnic health inequalities: The Pub-
lic Health Disparities Geocoding Project. 
Am J Public Health. 2005;95:312–23.  http://
dx.doi.org/10.2105/AJPH.2003.032482
  4. Simonsen J, Frisch M, Ethelberg S. 
Socioeconomic risk factors for bacte-
rial gastrointestinal infections. Epide-
miology. 2008;19:282–90. http://dx.doi.
org/10.1097/EDE.0b013e3181633c19
  5. Green CG, Krause DO, Wylie JL. Spatial 
analysis of campylobacter infection in 
the Canadian province of Manitoba. Int 
J Health Geogr. 2006;5:2. http://dx.doi.
org/10.1186/1476-072X-5-2
  6. Tenkate T, Stafford R, McCall B. A five 
year review of campylobacter infection in 
Queensland. Commun Dis Intell Q Rep. 
1996;20:478–82.
  7. Bessel PE, Matthews L, Smith-Palmer A, 
Rotariu O, Strachan JC, Forbes KJ, et al. 
Geographic determinants of reported 
human campylobacter infections in Scot-
land. BMC Public Health. 2010 [cited 
2013 Aug 26]. http://www.biomedcentral.
com/1471-2458/10/423
  8. Friedman CR, Hoekstra RM, Samuel M, 
Marcus R, Bender J, Shiferaw B, et al. 
Risk factors for sporadic campylobacter 
	 Emerging	Infectious	Diseases	•	www.cdc.gov/eid	•	Vol.	20,	No.	7,	July	2014	 1241
Figure.	Average	annual	 incidence	 rates	 for	Campylobacter	 infection,	 by	 age	group	and	




infection in the United States: a case-
control study in FoodNet sites. Clin In-
fect Dis. 2004;38(Suppl 3):S285–96. 
http://dx.doi.org/10.1086/381598
  9. Centers for Disease Control and Preven-
tion. Foodborne Diseases Active Surveil-
lance Network: population survey. 2012 
July [cited 2013 Aug 26]. http://www.
cdc.gov/foodnet/studies/population- 
surveys.html
Address for correspondence: James L. Hadler, 
Emerging Infections Program, Yale School of 
Public Health, One Church St, 7th Fl, New Haven, 
CT 06510, USA; email: hadler-epi@att.net
Legionnaires’  




5 and 10, China
To the Editor: Legionnaires’ 
disease is a systemic infection 
caused by gram-negative bacteria 
belonging to the genus Legionella. 
The primary clinical manifestation is 
pneumonia. Legionella spp. are typi-
cally found in natural and artificially 
hydrated environments.
Legionella pneumophila is the 
species responsible for ≈90% of hu-
man cases of infection. L. pneu-
mophila is divided into 15 serogroups, 
among which serogroup 1 is the most 
prevalent disease-causing variant (1). 
In contrast, rare cases are caused by 
other serogroups. We describe a case 
of Legionnaires’ disease caused by 
co-infection with L. pneumophila se-
rogroups 5 and 10 and the genotype 
characteristics of these strains.
The case-patient was a 77-year-
old man who had chronic hepatitis B 
for 50 years, ankylosing spondylitis 
for 40 years, and chronic cholecystitis 
for 5 years. On September 17, 2012, 
he was admitted to Wuxi People’s 
Hospital (Wuxi, China) for treatment 
after a continuous cough for 15 days 
and a high fever for 2 days. At admis-
sion, the patient had a blood pressure 
of 130/65 mm Hg, a pulse rate of 102 
beats/minute, and a body temperature 
of 37.4°C, which increased to 38.4°C 
four hours later. Laboratory tests 
showed a leukocyte count of 9,200 
cells/μL (88.7% neutrophils) and a 
C-reactive protein level of 31 mg/L 
in serum. Lung inflammation was 
identified by computed tomography. 
The result of a urinary antigen test 
for L. pneumophila serogroup 1 (Bi-
nax, Portland, ME, USA) was nega-
tive. Bronchoalveolar lavage was 
performed, and fluid was collected 
for bacterial culture and molecular 
analysis.
Real-time PCRs were performed 
with primers specific for the 5S rRNA 
gene of the genus Legionella (2) and 
the L. pneumophila-specific mip gene 
(3). Legionella colonies isolated from 
bronchoalveolar lavage fluid grew on 
buffered-charcoal yeast extract agar. 
Nine Legionella-like colonies were 
isolated, and all showed positive re-
sults by PCRs. The colonies were 
identified as L. pneumophila sero-
groups 2–14 by using the Legionella 
latex test (Oxoid, Basingstoke, UK). 
Among these colonies, 5 were identi-
fied as L. pneumophila serogroup 5, 
and 4 were identified as serogroup 10 
by using a monoclonal antibody (Den-
ka Seiken, Tokyo, Japan). Environ-
mental investigations were conducted 
in the patient’s house and hospital 
room, but L. pneumophila serogroup 5 
and 10 were not detected in any of the 
locations tested.
Pulsed-field gel electrophoresis 
(PFGE) (4) was used to investigate the 
9 L. pneumophila strains. Two PFGE 
patterns that were 94% similar were 
observed; each pattern represented 1 
serogroup. The PFGE patterns were 
compared with those of a reference 
database of L. pneumophila for China. 
All L. pneumophila in the database, 
including 41 strains isolated from 
the city in which the patient resided 
in 2012, had patterns different from 
those of the 9 strains.
Two clinical L. pneumophila 
strains of different serogroups were 
further analyzed by sequence typing 
(5,6). Sequence type (ST) indicated 
that allele numbers for flaA, pilE, 
asd, mip, mompS, proA, and neuA 
genes were 6, 10, 15, 28, 21, 7, and 
207 for serogroup 5 strains and 6, 
10, 15, 10, 21, 40, and 207 for sero-
group 10 strains. By querying the ST 
database for L. pneumophila (http://
www.ewgli.org), we found that both 
profiles were new and assigned these 
2 strains the numbers ST1440 (sero-
group 5) and ST1439 (serogroup 10). 
STs of these 2 isolates differed from 
each other by only 2 alleles (3 nt in 
the mip gene and 1 nt in the proA 
gene), which suggested that the iso-
lates might be more closely related 
to each other than suggested by sero-
logic analysis.
Human infections with L. pneu-
mophila serogroups 5 and 10 have 
been rarely reported (1,7). Our study 
confirms human infection with 2 L. 
pneumophila serogroups that did 
not involve serogroup 1. Results for 
this case-patient also indicated that 
a negative urinary antigen test result 
should not be a reason for ruling out 
Legionnaires’ disease because the uri-
nary antigen kit used detects only L. 
pneumophila serogroup 1 antigen. L. 
pneumophila serogroups 5 and 10 are 
probably underrecognized pathogenic 
serogroups. Culture and molecular 
analysis should be performed to obtain 
an accurate diagnosis. Rare co-infec-
tions with L. pneumophila serogroup 
strains have been identified by culture 
methods (8,9).
The cases reported previously and 
in this study indicate that co-infections 
with different serogroups are more 
common than currently recognized 
and that multiple colonies should be 
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